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Background

NASA has been engaged i n t h e d e f i n i t i o n and d e s i g n o f t h e Space S t a t i o n and p l a t f o r m s s i n c e
1984. Phase 6 c o n t r a c t s were awarded by f o u r work package (WP) c e n t e r s f o r d e f i n i t i o n and p r e l i m i n a r y d e s i g n o f t h e Space S t a t i o n and p l a t f o r m s and t h e i r v a r i o u s systems. These c o n t r a c t s were completed e a r l y i n 1987. NASA p l a n s
t o award c o n t r a c t s f o r t h e d e s i g n and development o f t h e Space S t a t i o n and p l a t f o r m s i n t h e f a l l o f 1987. The s u b j e c t o f t h i s paper i s t h e requirements f o r , and design o f , t h e Space S t a t i o n e l e c t r i c a l power system (EPS), as d e f i n e d a t completion o f t h e Phase 6 e f f o r t . The Space S t a t i o n EPS I s t h e r e s p o n s i b i l i t y o f t h e NASA Lewis Research
Center, a l s o known as work package-04 (WP-04) i n t h e Space S t a t i o n program. WP-04 i s r e s p o n s i b l e f o r t h e end-to-end e l e c t r i c power system a r c h i t e c t u r e s f o r t h e Space S t a t i o n and p l a t f o r m s , i n c l u d i n g p h o t o v o l t a i c and s o l a r dynamic power g e n e r a t i o n and storage, and power management and d i s t r i b u t i o n (PMAD) t o t h e f i n a l user i n t e r f a c e . T h i s r e s p o n s i b i l i t y i n c l u d e s end-to-end system design, and DDTaE and p r o d u c t i o n o f a l l system hardware and s o f t w a r e . I n a d d i t i o n , WP-04 i s responsib l e f o r t h e p h o t o v o l t a i c and s o l a r dynamic power module elements. T h i s element r e s p o n s i b i l i t y i n c l u d e s OOTaE. p r o d u c t i o n o f unique element hardware, and i n s t a l l a t i o n and checkout o f a l l hardware i n t o t h e modules. WP-04 i s a l s o r e s p o n s i b l e f o r t h e i n t e g r a t i o n o f t h e s o l a r dynamic power module i n t o t h e NSTS f o r launch. The p h o t o v o l t a i c power module and PMAD hardware a r e packaged and d e l i v e r e d t o t h e a p p r o p r i a t e s i t e f o r i n t e g r a t i o n . F o r the p l a t f o r m s , ORU and/or component l e v e l hardware a r e d e l i v e r e d t o WP-03 f o r i n s t a l l a t i o n and i n t e g r a t i o n i n t o t h e p l a t f o r m element.
Requirements
The major EPS requirements a r e as f o l l o w s . The EPS i s r e q u i r e d t o have t h e c a p a b i l i t y t o d e l i v e r 87.5 kW o f e l e c t r i c power c o n t i n u o u s l y t o t h e user loads. I n a d d i t i o n , t h e EPS must be a b l e t o d e l i v e r up t o 112.5 kW o f peak power f o r up t o 15 mln each o r b i t . Since t h e power system operates i n l o w e a r t h o r b i t (LEO), t h e r e i s a s i g n i f i c a n t amount o f shade *Associate Fellow, A I A A . t i m e when t h e S t a t i o n passes through t h e E a r t h ' s shadow d u r i n g each o r b i t . As a r e s u l t , a l a r g e amount o f energy storage c a p a c l t y i s r e q u i r e d , i n o r d e r t o p r o v i d e t h e 87.5 k W o f power c o n t i n u o u s l y d u r i n g p e r i o d s o f shade as w e l l as s u n l i g h t . Furthermore, as a r e s u l t o f t h e LEO o p e r a t i n g regime, t h e aerodynamic drag f o r c e r e s u l t i n g f r o m s o l a r c o l l e c t i n g surfaces i s a major d r i v i n g requirement. Other requirements which r e p r e s e n t s i g n i f i c a n t design d r i v e r s f o r t h e EPS a r e as f o l l o w s :
( 1 ) A minimum l e v e l o f power must be a v a i l a b l e d u r i n g contingency p e r i o d s , such as when c o n t r o l has been l o s t and t h e EPS cannot be p o i n t e d a t t h e sun.
( 2 ) C r i t i c a l loads, r e q u i r i n g t w o -f a u l tt o l e r a n t e l e c t r i c a l power, may be l o c a t e d anywhere on t h e S t a t i o n , e i t h e r i n s i d e or o u t s i d e t h e press u r i z e d modules.
( 3 ) The power system design must be capable o f accommodating l a t e r growth t o a 300 kW power l e v e l . a b l e , through t h e use of o r b i t a l replacement u n i t s (DRU) .
( 4 ) The power system must be o n -o r b i t m a i n t a i n -( 5 ) The S t a t i o n power system d e s i g n should mini m i z e I D C cost; i n a d d i t i o n , l i f e c y c l e c o s t (LCC) i s an i m p o r t a n t f a c t o r and should a l s o be k e p t low.
( 6 ) Low mass i s very i m p o r t a n t f o r t h e p l a t f o r m power system.
( 7 ) To minimize cost, maximum commonality between S t a t i o n and p l a t f o r m PMAD components should be sought.
Design Options and S e l e c t i o n s
The most i m p o r t a n t design c h o i c e f o r t h e Space S t a t i o n EPS was t h e s e l e c t i o n o f t h e power generat i o n and s t o r a g e system. The p o s s i b l e o p t l o n s a r e a l l p h o t o v o l t a i c (PV), a l l s o l a r dynamic (SD) and h y b r i d ( a combination o f PV and SO).
A PV system has s o l a r a r r a y s f o r power generat i o n , and chemical energy storage ( b a t t e r i e s or f u e c e l l s ) t o s t o r e excess s o l a r a r r a y energy d u r i n g p e r i o d s o f s u n l i g h t , and p r o v i d e power d u r i n g p e r iods o f shade. A PV system i s g e n e r a l l y c h a r a c t e ri z e d by l o w development c o s t and h i g h r e c u r r i n g cos (due t o m a t u r i t y o f s o l a r a r r a y development and h i g c o s t o f s o l a r c e l l s and p a n e l s ) ; low e f f i c i e n c y due t o t h e approximate 1 0 percent e f f i c i e n c y o f s o l a r c e l l s ; and h i g h drag from t h e l a r g e s o l a r a r r a y panels r e q u i r e d t o c a p t u r e s u f f i c i e n t s u n l i g h t t o meet r e q u i r e d user power l e v e l s . 
t l n g s a l t as t h e h e a t o f f u s l o n when t h e system i s I n t h e sun. During s o l a r e c l i p s e , some o f t h e s a l t s o l i d i f i e s , r e l e a s i n g heat t o t h e working f l u i d whlch c o n t i n u o u s l y powers t h e t u r b o a l t e r n a t o r . R a d i a t o r s are r e q u i r e d by s o l a r dynamic systems t o r e j e c t t h e waste c y c l e heat t o space. S o l a r dynamic systems a r e c h a r a c t e r i z e d by h i g h e r development c o s t s (because t h e y have never flown i n space b e f o r e ) b u t lower r e c u r r i n g costs; slower performance degradation due t o aging; much h l g h e r e f f lc l e n c y t h a n PV systems, and, consequently, much lower drag.
Extensive t r a d e s t u d l e s were conducted compari n g PV. SD, and h y b r l d EPS o p t i o n s d u r l n g t h e Phase B e f f o r t . The h y b r i d o p t l o n was judged t o be super i o r t o e l t h e r a l l -P V o r a l l -S D o p t t o n s , and was s e l e c t e d f o r development. The f o l l o w l n g a r e t h e major f a c t o r s whlch c o n t r
i b u t e d t o t h e s e l e c t i o n o f t h e h y b r i d EPS:
( 1 ) An all-SO system was r u l e d o u t because t h e Space S t a t i o n assembly p l a n r e q u i r e s t h e S t a t l o n t o f l y I n a low-drag f e a t h e r e d mode f o r t h e f l r s t seve r a l s h u t t l e launches. The SO system r e q u i r e s f i n e p o i n t i n g , and w i l l n o t d e l i v e r power when c o l l e c t o r s a r e feathered. I n a d d i t i o n , an SO system cannot p r o v l d e contlngency power when p o i n t i n g c a p a b i l i t y i s l o s t .
( 2 ) An a l l PV system would have v e r y h l g h l i f e c y c l e c o s t , e s p e c i a l l y when t h e requirement f o r growth t o 300 kW I s considered. The h i g h l i f e c y c l e c o s t r e s u l t s p r i m a r i l y from t h e h l g h c o s t o f s o l a r a r r a y s , and t h e h i g h d r a g and r e s u l t l n g l a r g e amount o f d r a g makeup p r o p e l l a n t which must be t r a n s p o r t e d f r o m t h e ground t o t h e Space S t a t i o n o r b i t .
( 3 ) The h y b r i d PV/SD system o f f e r s Increased f l e x i b i l i t y over an a l l -S D system, and g i v e s an overwhelming l l f e c y c l e c o s t savlng compared t o an a l l -P V system. I n t h e s e l e c t e d h y b r l d power system approach, the f l r s t 37.5 kW o f power I s s u p p l l e d by a PV system. T h i s a l l o w s power a v a i l a b i l i t y f o r e a r l y S t a t l o n b u i l d u p . even when t h e a r r a y s a r e n o t f i n e -p o i n t e d a t t h e sun. I t a l s o p r o v l d e s c o n t l ngency power i f s o l a r p o l n t l n g I s l o s t f o r a p e r l o d o f t i m e . The a d d i t i o n a l 50 kW o f power r e q u i r e d by t h e I O C Space S t a t i o n i s s u p p l l e d by adding two SD power modules, each o f which can p r o v i d e 25 kW o f e l e c t r i c power t o the user loads. I n a d d i t l o n , a l l growth power a d d i t l o n s w i l l be p r o v l d e d by adding SD power modules. L l m l t i n g t h e amount o f PV power t o t h e i n i t i a l 37.5 kW a l l o w s t h e Space S t a t l o n t o achieve t h e maximum r e d u c t l o n i n l i f e c y c l e c o s t compared t o an a l l PV system, by m l n i m l z l n g d r a g and d r a g makeup p r o p e l l a n t , as w e l l as m l n l m l z i n g t h e r e c u r r i n g cost o f a d d i t i o n a l power modules r e q u i r e d f o r S t a t l o n growth. The h y b r i d system can operate a t a lower a l t i t u d e t h a n t h e a l l -P V system. T h i s p r o v i d e s s i g n l f l c a n t t r a n s p o r t a t i o n c o s t savlngs f o r t h e l o g l s t l c s supply t o t h e S t a t i o n .
P h o t o v o l t a i c System S e l e c t i o n s
Having selected a h y b r i d Power system and t h e power s p l i t between PV and SD, t h e n e x t s t e p I s t o choose t h e PV and SD system deslgn. Major design o p t i o n s f o r t h e PV s o l a r a r r a y I n c l u d e d t h e s o l a r ment o f t h e element I n which i t I s b e l n g used. P h o t o v o l t a i c power modules a r e l o c a t e d on t h e t r a n s v e r s e boom, outboard o f t h e t r u s s element a l p h a gimbals. Each one c o n s i s t s o f s o l a r a r r a y s , b e t a gimbals. r a d l a t o r panels, a s t o r a g e and c o n t r o l bay ( I n c l u d e s energy s t o r a g e and thermal c o n t r o l assemb l i e s ) . and t r u s s members as shown I n F i g . 3. The module i n t e g r a t e s hardware t h a t serves t h e e l e c t r i c power system f u n c t l o n s o f energy c o l l e c t i o n , s t o r a g e and conversion. system p r o t e c t i o n and d l s t r i b u t i o n , and power management and c o n t r o l f o r t h e Space Stat i o n . A module i n t e g r a t i n g power system hardware I s n o t d e f i n e d f o r t h e p l a t f o r m s .
S o l a r Dynamlc System S e l e c t l o n s
The most s i g n i f i c a n t SO design c h o i c e i s between t h e o r g a n i c r a n k i n e c y c l e (ORC) and t h e c l o s e d Brayton c y c l e (CBC)
l e c t e d because I t r e s u l t s I n an l n c r e a s e I n c y c l e e f f l c l e n c y over i n o r g a n i c f l u i d s o p e r a t i n g between t h e same h i g h and l o w temperatures. The h l g h temperature l s l l m t t e d by t h e chemical s t a b i li t y o f t h e o r g a n l c f l u i d , w i t h a maxlmum f l u l d temp e r a t u r e o f 755 O F f o r t h e b a s e l i n e ORC system. The b a s e l l n e CBC system uses a stngle-phase, gas w o r k l n g f l u
r n a t o r f o r b o t h CBC and ORC I s a s o l i d r o t o r , bru5hless Rice-Lundell type. The t u r b a l t e r n a t o r l s p a r t o f t h e power conversion u n i t (PCU) whlch I n c l u d e s t h e r o t a t l n g machinery, houslngs and cont r o l s . The PCU a l s o I n c l u d e s a r e g e n e r a t l v e heat exchanger which recovers energy f r o m t h e f l u l d t h a t e x l s t s f r o m t h e t u r b l n e and preheats t h e f l u i d b e f o r e i t e n t e r s t h e r e c e i v e r , b o o s t i n g c y c l e e f f i c i e n c y .
Incoming s o l a r energy I n t o t h e r e c e l v e r . An o f f s e t p a r a b o l t c c o n c e n t r a t o r was s e l e c t e d over a symmetric design because o f mass moment o f i n e r t i a conslderat i o n s . minimum c o s t , mass. and blockage. The conc e n t r a t o r i s made up o f hexagonal panels t h a t a r e fastened t o g e t h e r o n -o r b i t . The c o n c e n t r a t o r design f o r ORC and CBC I s almost i d e n t i c a l . w l t h t h e ORC
c o n c e n t r a t o r s l l g h t l y l a r g e r t o account f o r t h e d l f f e r e n c e i n c y c l e e f f l c l e n c y .
The heat r e c e i v e r n o t o n l y heats t h e worklng f l u l d b u t a l s o s t o r e s thermal energy t o a l l o w t h e SO system t o p r o v i d e e l e c t r i c a l power d u r i n g s o l a r e c l l p s e . I n t h e CBC r e c e i v e r , t h e f l u i d tubes a r e arranged around t h e c l rcumference o f t h e c y l l n d r l c a l c a v l t y , surrounded by metal r i n g s t h a t a r e f l l l e d w l t h phase change m a t e r l a l . The ORC r e c e i v e r uses heat p l p e s w l t h I n t e r n a l phase change m a t e r l a l canl s t e r s . The h e a t p i p e s smooth o u t t h e f l u x d l s t r lb u t i o n w l t h l n t h e r e c e l v e r , e l m l n a t l n g p o t e n t l a l h o t spots.
Two concepts a r e proposed f o r t h e heat r e j e ct l o n r a d i a t o r s ; heat p l p e panels and pumped f l u i d l o o p panels. Although b o t h ORC and CBC can accommodate e i t h e r system, t h e b a s e l i n e ORC uses heat p i p e s and t h e CBC uses a pumped f l u l d l o o p concept p r o v l d i n g o p t l m a l matching between c y c l e r e q u l r ements, mass, c o s t , and r e l i a b i l l t y c o n s l d e r a t i o n s .
F l g u r e 4 shows an exploded view o f a s o l a r dynamlc module (CBC) and F l g . 5 shows an assembled module (ORC). The systems a r e v e r y s l m l l a r i n l a yo u t , w l t h t h e r e c e l v e r and PCU mounted near t h e t r a n s v e r s e boom and t h e r a d i a t o r mounted i n f r o n t o f t h e c o n c e n t r a t o r , edge-on t o t h e sun. In-depth comparlsons have been made, and c o n t t n u e t o be made between t h e ORC and CBC systems. The s e l e c t l o n o f ORC versus CBC w l l l be made as p a r t o f t h e Phase C/D s e l e c t i o n process.
A p a r a b o l l c c o n c e n t r a t o r I s used t o focus t h e Power Manaqement and D l s t r i b u t l o n System S e l e c t i o n s
The most s i g n l f l c a
n t PMAD d e s l g n d e c l s i o n I s t h e s e l e c t i o n o f t h e p r i m a r y d i s t r l b u t l o n system frequency. Both dc and ac o p t l o n s were considered, and b o t h h i g h frequency ( t y p i c a l l y 20 kHz) and l o w frequency ( t y p l c a l l y 400 Hz) ac o p t i o n s were cons i d e r e d . dc d i s t r l b u t l o n was n o t s e l e c t e d because i t had much h i g h e r w e i g h t and c o s t t h a n e l t h e r o f t h e ac o p t i o n s . T h i s I s because: (1) s o l i d s t a t e dc swltchgear
I s much h e a v l e r and more complex t h a n ac switchgear; ( 2 ) ground i s o l a t i o n f o r payloads r e q u l r e s t h e use o f dc-dc c o n v e r t e r s , which a r e much h e a v l e r and lower I n e f f l c l e n c y t h a n t r a n sformers, which can be used f o r i s o l a t i o n I n ac systems; ( 3 ) I f power i s d l s t r l b u t e d a t s o l a r a r r a y v o l t a g e (1.e. 150 Vdc), t h e cables a r e v e r y heavy. On t h e o t h e r hand. i f t h e v o l t a g e 1s stepped up t o a h l g h e r v o l t a g e ( t y p l c a l l y 440 Vdc). heavy and l n e f f l c l e n t dc-dc c o n v e r t e r s must be u t i l l z e d .
The performance o f t h e candldate ac systems was r e l a t l v e l y s i m i l a r and t h e c h o l c e was d l f f l c u l t . A l l r e a c t l v e components (1.e. I n d u c t o r s . c a p a c i t o r s , t r a n s f o r m e r s ) a r e much l i g h t e r f o r t h e 20 kHz system t h a n f o r t h e 400 Hz system, because t h e energy s t o rage c a p a c i t y o f a r e a c t l v e component I s p r o p o r t l o n a l t o t h e square o f t h e frequency. As a r e s u l t , t h e h i g h frequency, system components a r e l l g h t e r and l e s s expensive than t h e corresponding l o w frequency components. On t h e o t h e r hand, t h e r e i s e x t e n s i v e experlence w i t h h l g h power, 400 Hz systems on a l rc r a f t , whlch would t e n d t o m i n i m i z e t h e development r i s k o f a 400 Hz Space S t a t l o n power d l s t r l b u t l o n system. There i s e x t e n s l v e 20 kHz component development experlence. b u t system development experlence has been l i m i t e d t o l o w power.
The major d l s c r l m l n a t o r between 20 kHz and 400 Hz was e l e c t r o m a g n e t l c i n t e r f e r e n c e ( E M I ) . Space S t a t l o n experiments a r e s e n s i t i v e t o conducted and r a d i a t e d EM1 f r o m a 400 Hz system, i n c l u d i n g a l l of t h e harmonics up t o about 10 kHz. The w e i g h t o f s h i e l d i n g and f i l t e r l n g r e q u l r e d t o reduce t h e EM1 f r o m a l l o f these f r e q u e n c l e s t o acceptable l e v e l s I n a 400 Hz system I s p r o h i b i t i v e . The EM1 I n a 20 kHz system I s expected t o be a more t r a c t a b l e problem: EM1 l e v e l s a r e l o w t o b e g i n with; harmonlc c o n t e n t I s v e r y low because t h e 20 kHz resonant system d e s l g n produces a l o w d l s t o r t i o n s i n e wave; and users a r e n o t s e n s i t i v e t o EM1 a t 30 kHz and h l g h e r f r e q u e n c i e s . I n a d d i t i o n t o EM1 c o n s l d e r a t l o n s . a u d i b l e n o l s e f r o m a 400 Hz system may be o b j e c t i o na b l e t o t h e crew. As a r e s u l t o f t h e s e conslderat l o n s , 20 kHz was s e l e c t e d as t h e p r i m a r y d i s t r i b ut l o n frequency.
Other major PMAD d e c i s i o n s i n c l u d e d t h e source o f power f o r t h e PMAD c o n t r o l l e r s ; and a d e d i c a t e d PMAD d a t a bus versus use o f t h e S t a t l o n d a t a manage
ment system (DMS) f o r t r a n s m i s s i o n o f PMAD c o n t r o l data. Power must be p r o v i d e d t o t h e PMAD c o n t r o ll e r s p r l o r t o s t a r t u p or r e s t a r t o f t h e power system t o ensure a l l switchgear I s p r o p e r l y s e t . T h i s can be accomplished by h a v i n g small p r i m a r y or secondary b a t t e r i e s c o l o c a t e d w i t h t h e c o n t r o l l e r s , or by use o f a low power. low v o l t a g e dc c o n t r o l power bus t o p r o v i d e c o n t r o l l e r power f r o m t h e main PV b a t t e r i e s . The c o n t r o l power bus was s e l e c t e d , based on d e t a i l e d t r a d e study r e s u l t s t o which concluded t h a t t h l s method i s t h e l o w e s t c o s t and mass s o l u t i o n .
A dedlcated PHAD d a t a bus was s e l e c t e d i n s t e a d o f t h e use o f t h e DMS. T h l
r e may be u t l l l z e d i n a d e d l c a t e d PHAD d a t a bus, because t h e r e q u i r e d d a t a r a t e s a r e lower than those r e q u i r e d f o r t h e DMS. Furthermore, a d e d i c a t e d PHAD d a t a bus g r e a t l y slmp l l f l e s t h e process o f s t a r t u p and r e s t a r t o f t h e power system. f i r s t provided t o PMAD c o n t r o l l e r s t o a l l o w s w l t c hgear t o be p r o p e r l y s e t . Next, t h e power system i s s t a r t e d . Then, power I s p r o v l d e d t o t h e DMS. F i n a l l y , the user and subsystem loads a r e s t a r t e d . W l t h an I n t e g r a t e d PMAD/DMS network, t h e DMS must be powered up p r i o r t o t h e power system, which g r e a t l y Increases t h e c o s t and c o m p l e x l t y o f t h e PMAD c o n t r o l power bus.
Wlth a d e d l c a t e d PMAD bus, power l s
Reference PMAD Svstem A r c h l t e c t u r e Figure 6 shows t h e I O C S t a t i o n h y b r i d source a r c h l t e c t u r e . The SD system I s r e g u l a t e d t o produce 208 V, 3-phase, 1200 Hz ac power. A frequency changer converts t h e power t o 440 V, 1-phase, 20 kHz. The s o l a r a r r a y s a r e r e g u l a t e d t o produce 160 Vdc; the use o f an a r r a y clamp i n s t e a d o f a r e g u l a t o r 1s an o p t l o n . The c h a r g i n g o f t h e N I -H z b a t t e r l e s I s c o n t r o l l e d by t h e l n d l v l d u a l charge and d i s c h a r g e r e g u l a t o r s . The maln I n v e r t e r s r e c e i v e approximately 160 Vdc f r o m t h e a r r a y s and b a t t e r i e s and c o n v e r t i t t o r e g u l a t e d 440 V, 1-phase. 20 kHz ac power. The i n v e r t e r s l z i n g I s such t h a t t h e t r a n s m l s s l o n o f peak power (1.3 times average power) r e q u i r e s the f u l l c a p a c i t y o f two I n v e r t e r s . The power I s t r a n s m l t t e d across t h e a l p h a j o i n t by r o l l r l n g s , which a r e s i z e d t o handle peak power r e q u l r ements f o r a 300 kW growth S t a t i o n (-400 kW t o t a l ) . t h e JEH or ESA modules. I s o l a t i o n t r a n s f o r m e r s a r e used a t each o f t h e module p e n e t r a t l o n s ; t h e y a l s o s t e p t h e v o l t a g e down t o 208 V.
The d i s t r i b u t i o n o f power t o t h e upper and l o w e r S t a t l o n
The PDCA a r c h i t e c t u r e i s shown I n F i g . 10. Each PDCA c o n s i s t s o f two PDCU's.
The PDCA's a r e n e a r l y i d e n t i c a l I n s i d e and o u t s l d e t h e modules; t h e e x t e r n a l PDCA's a l s o I n c l u d e t r a n s f o r m e r s f o r l s ol a t l o n and stepdown t o 208 V.
Each PDCU c o n t a i n s about 10 RPC's f o r c o n n e c t l n g t o l o a d s w l t h a t o t a l c a p a c i t y o f about 1 8 kW. Each PDCU a l s o c o n t a l n s t h r e e p r l m a r y f e e d e r R B I ' s and a PDCU c o n t r o l l e r . The feeder R B I ' s a l l o w a t h r e e -f a u l t -t o l e r a n t payl o a d c o n n e c t t o n w l t h a s i n g l e PDCA. However, o n l y t w o -f a u l t t o l e r a n c e I s r e q u i r e d f o r s a f e t y c r i t i c a l l o a d s . The PDCU c o n t r o l l e r s a r e powered by t h e main bus, and a l s o by a 150 Vdc c o n t r o l power bus which p r o v l d e s power f o r s t a r t u p and r e s t a r t . The cont r o l l e r s exchange I n f o r m a t i o n w l t h o t h e r components o f t h e power management c o n t r o l system on a d u a lredundant d e d l c a t e d power management d a t a bus.
The power management a r c h i t e c t u r e I s shown i n F l g . 11. The d u a l redundant power management d a t a bus runs t h r o u g h o u t t h e S t a t i o n and connects t o each PDCA. b o t h o u t s l d e and I n s i d e t h e modules. The d u a l redundant power management c o n t r o l l e r s (PMC) each I n t e r f a c e t o t h e DHS a t a s i n g l e p o l n t . Dedlcated p o i n t -t o -p o i n t d a t a l i n e s c r o s s t h e a l p h a j o i n t v i a r o l l r l n g s and connect t o power source c o n t r o l l e r s outboard o f t h e a l p h a j o l n t .
Concluding Remarks
The o v e r v l e w o f t h e Space S t a t l o n e l e c t r l c power system conceptual d e s l g n has been presented, l n c l u d l n g requlrements. d e s i g n o p t i o n s and s e l e ct i o n s . The d e s l g n meets a l l o f t h e requlrements, i n c l u d l n g 87.5 kW average power, peak and c o n t i ngency power a v a l l a b l l i t y . and t w o -f a u l t -t o l e r a n t power. Work package 4 (managed by NASA Lewis) i s ready t o proceed w l t h Phase C/D. t h e f i n a l d e s i g n and development o f t h e Space S t a t i o n e l e c t r i c power s ys tem. 
